Although people with schizophrenia appear to be able to read aloud, their reading comprehension has been little tested. This study asks, Do people with schizophrenia have deficits in reading comprehension compared with well controls and, if so, what are the type and severity of those deficits? The reading comprehension of 30 people with chronic schizophrenia was compared with a group of 30 people without a psychiatric diagnosis. The groups were matched for sex and age and had similar intelligence scores. The Reading Comprehension Battery for Aphasia (RCBA) was used to obtain a profile of reading comprehension skills, and intelligence was estimated using the National Adult Reading Test Schizophrenia subjects took significantly longer to complete the RCBA and obtained significantly poorer scores than did controls on the RCBA total and on all but one RCBA subtest. Although these findings could have serious implications for the presentation of written material such as consent and information forms, further research is needed to determine how these deficits impact on functional reading and whether or not they can be addressed.
Although people with schizophrenia generally appear to be able to read aloud, it is unclear whether they comprehend what they read. There is considerable evidence supporting the former observation with the scores of people with schizophrenia on the National Adult Reading Test (NART) (Nelson 1992 ) used extensively to estimate premorbid intelligence (e.g., O'Carroll et al. 1992) . That is, their ability to read and pronounce words is preserved despite their illness. However, the actual reading comprehension of people with schizophrenia has been little tested.
Although there is considerable evidence that people with schizophrenia have marked deficits in auditory comprehension (e.g., Plagnol et al. 1996) , an extensive, systematic, electronic and manual literature search found no research comparing the reading comprehension of people with schizophrenia with that of the general population. The search located one study of the reading comprehension of people with schizophrenia: DiSimoni et al. (1977) concluded that, although people with schizophrenia and people with aphasia obtained different profiles on an aphasia test battery, the two groups had similar levels of reading comprehension deficits when assessed using 3 out of 26 subtests of a "standard language battery" (p. 502). However, because DiSimoni et al. did not identify which language battery or which of its subtests they used, it is impossible to adequately interpret their findings, or say how the reading comprehension of people with schizophrenia compares with that of people without a psychiatric diagnosis.
In a related study, Carpenter et al. (2000) found schizophrenia subjects to have significantly poorer "decisional capacity" than people without mental illness. They used a measure comprising "four areas of decisional capacity related to generally applied legal standards for competence to consent to treatment and research ... [including] ... understanding relevant information" (p. 534). Although these findings were not specifically about reading comprehension, this study highlights the need to better understand the role of reading comprehension in the lives of people with schizophrenia.
If people with schizophrenia have functionally significant deficits in reading comprehension, there are major implications for how written information such as research consent forms should be presented to them, and for the assumptions that can be made regarding their understanding of what they have read. Hence, this study asks the question: Do people with schizophrenia have deficits in reading comprehension compared with a group from the general population who have been matched with them for age and sex and have similar intelligence scores and, if so, what are the type and severity of those deficits, and are they related to premorbid intelligence?
Methods
Subjects. The subjects comprised 30 people with longterm schizophrenia who were stable on medication and were patients of the West Moreton District Health Service, Queensland, Australia, and a nonclinical control group of 30 people without a psychiatric diagnosis. A semistructured interview was used to screen potential control subjects for a history of psychiatric illness. The schizophrenia participants' diagnoses were made by each person's consultant psychiatrist in accordance with DSM-FV guidelines (American Psychiatric Association, 1994) , and medication details were obtained from medical records.
Each schizophrenia participant was matched with a control participant for sex and age; each participant was aged within 4 years of his or her matched partner. Each group had 4 females and 26 males. The schizophrenia group had a mean age of 37.3 years (range = 17-57, (standard deviation (SD) = 11.20), and the control group's mean age was 37.2 years (range = 17-59, SD = 11.85). A t test found no difference between die two groups' ages (F = 0.35, p = 0.98).
The two groups' total NART scores were matched to ensure that the schizophrenia and control participants had similar levels of intelligence. The schizophrenia group had a mean NART score of 102.8 (range = 87-124, SD = 11.57), and the control group had a mean NART score of 105.3 (range = 86-123, SD = 9.97). A t test found no difference between the two groups' levels of intelligence (F = 0.755, p = 0.37).
The education levels of the two groups were also similar. The highest levels of education completed by the schizophrenia subjects were technical or trade qualification (n = 6); secondary school completion (n = 7); some secondary school (n = 16); and only primary school (n = 1). For the controls, the highest levels of education completed were tertiary education (n = 3); technical or trade qualification (n = 11); secondary school completion (n = 4); and some secondary school (n = 12). Seven of the schizophrenia subjects were living independently in the community, and the remainder were living in the rehabilitation unit of a long-term psychiatric hospital.
Participation in the study was voluntary, and all subjects gave written informed consent, which had been approved by the institutional ethics committee. Potential subjects were excluded if they had (a) a history of substance abuse within the previous year, (b) a diagnosis of intellectual disability, (c) a history of neurological injury or illness unrelated to schizophrenia, or (d) if English was not their first language. These exclusion criteria were used to limit factors other than schizophrenia that could impact on reading comprehension.
Measures and Procedure. The measures used in this study were the NART and the Reading Comprehension Battery for Aphasia (RCBA) (LaPointe and Horner 1979) .
The NART was used to identify suitable subjects for the study, and to control for the impact of intelligence on reading comprehension. The NART comprises 50 stimulus words that cannot be pronounced by using common rules of phonetic interpretation (Blair and Spreen 1989a) . The irregularity of the words requires readers' premorbid familiarity with them, rather than their current ability to decode and organize responses (Blair and Spreen 1989b) . Subjects are required to read each word aloud, and their pronunciation is scored either right or wrong in accordance with a pronunciation guide. Intelligence is calculated by entering the number of incorrectly pronounced words into a formula (O'Carroll 1987) .
The NART has been established as "one of the most reliable tests currently used in psychological research" (p. 271, Crawford et al. 1989 ) with interrater reliability correlations consistently over 0. 9 (O'Carroll 1987; Crawford et al. 1989) . The NART has also been found to be highly predictive of Wechsler Adult Intelligence Scale-Revised (WAIS-R) scores for normative samples (Tracy et al. 1996 ) and a valid measure of verbal intelligence (Crawford et al. 1989) . The NART has been used in schizophrenia research for over a decade to estimate premorbid intelligence (O'Carroll et al. 1992) .
The RCBA, designed by LaPointe and Horner (1979) , measures the nature and degree of reading comprehension deficits. It has 10 subtests, each comprising 10 items. In subtests 1, 2, and 3 (single-word comprehension with visual, auditory, and semantic confusions, respectively), participants read three words and then point to the word that matches a simple drawing on the same page (e.g., a feather). In subtest 4 (functional reading), participants read a sentence that asks a question about information in a diagram. For example, item 8 requires participants to "point to the number of tablets to be taken each day" in response to written instructions regarding drug dosage. In subtest 5 (comprehension of synonyms), participants choose which one of three words has the same meaning as a keyword. In subtest 6 (sentence comprehension), participants read a sentence and then point to one of three pictures on the same page that best matches the sentence. Subtest 7 (paragraph comprehension) is very similar to subtest 6 but involves reading a paragraph rather than a sentence. Subtests 8 (factual comprehension) and 9 (inferential reading) are administered simultaneously with each item requiring participants to read a paragraph and then answer four questions about the paragraph (two for subtest 8 and two for subtest 9). Each question is in the form of an incomplete sentence, and participants choose one of three words to complete it. In subtest 10 (comprehension with a variety of syntactic structures), participants read three sentences and then point to the one that matches the drawing on the same page. For example, item 4 has a drawing of a car chasing a dog and three sentence options: "A. The car is being chased by the dog; B. The dog is being chased by the car; C. The car is being dogged by the chase."
Each item on the RCBA comprises a standard-sized 8-1/4" x 11-5/8" sheet of paper with a line drawing or drawings and text underneath. For example, the first item of the functional reading section is a page with three drawings of doors: one with an "exit" sign, one with a ladies' toilet symbol, and one with a "do not enter" sign; and a sentence underneath that reads, "Point to the door you would use to get out." The reader is shown the item and the examiner says, "Read this sentence and point to the best answer." The reader then points to his or her selection. The ten subtest totals are summed to give an RCBA total, and the time taken to complete each subtest is summed to give the total time taken. The maximum possible score is 100 and the minimum is zero. Average readers score from 97 to 100 and take from 20 to 25 minutes to complete the RCBA (LaPointe and Homer 1979) .
Although the RCBA was designed to assess the reading comprehension of people with aphasia, we chose it for this study because: (a) researchers have identified phenomenological similarities between the spoken language of people with schizophrenia and people with aphasia (Faber and Reichstein 1981) ; (b) it requires no written or spoken production skills; the reader points to his or her chosen response; (c) it includes sections for factual and inferential comprehension; (d) it requires minimal background knowledge; and (e) it assesses functional reading, which is particularly important for independent living (LaPointe and Homer 1979). The RCBA was also designed for a population whose comprehension deficits occurred subsequent to the development of normal reading skills, as is likely to be the case for people with schizophrenia.
The RCBA has been consistently found to have high levels of reliability, internal consistency, and validity (Van DeMark et al. 1982) . Pasternack and LaPointe (as cited in LaPointe and Horner 1979) obtained a test-retest reliability coefficient at 0.99 (p > 0.05). They also calculated interrater reliability by comparing ratings made by four raters on five subjects. Of 200 judgments, the raters agreed on 180, yielding 90% agreement and a Kendall Coefficient of Concordance of 1. The RCBA has been found to distinguish aphasic from nonaphasic subjects (LaPointe and Horner 1979) .
The NART and the RCBA were both administered by the second author who had been trained in their administration. To evaluate the interrater reliability of the NART, each administration of the NART was audiotaped, and one-third of these were randomly selected and scored independently by the first author. A high level of interrater agreement was obtained, with a Pearson's r of 0.96 (p< 0.001).
Data Analysis. Because all of the control participants obtained scores of 10 out of a possible 10 on RCBA subtests 1, 2, 3, and 6, the data did not meet the ANOVA requirement of within-groups variance for both comparison groups (Coakes and Steed 1996) . Consequently, for subtests 1, 2, 3, and 6, the data for schizophrenia subjects were analyzed using one-sample t tests against a comparison test value of 10. This analysis was used to determine whether the mean scores of the schizophrenia subjects were the same as the hypothesized mean (i.e., 10), because there were no subtests on which ah 1 schizophrenia subjects obtained a score of 10.
Because both groups' scores for RCBA subtests 4, 5, 7, 8, 9, and 10 contained variance (as indicated by the boxplots in figure 1), the scores for these subtests, the total RCBA score, and the time taken to complete the RCBA were analyzed using t tests for equality of means with unequal variances (Coakes and Steed 1996) .
To determine whether there is a relationship between premorbid intelligence and reading comprehension, we analyzed the schizophrenia subjects' NART and RCBA total scores and the time the schizophrenia subjects took to complete the RCBA using a Pearson Product-Moment Correlation Coefficient Correlation coefficients were not conducted with the control group's RCBA scores because all controls obtained 100% or very close to it. 
Results
As the t values reported in table 1 indicate, the schizophrenia subjects took significantly longer to complete the RCBA and obtained significantly poorer scores than the control group on the RCBA total and all RCBA subtests with the exception of subtest 3 (single-word comprehension with semantic confusions). A significant, moderate inverse correlation was obtained between the NART scores and the time taken to complete the RCBA (r = -0.47, p = 0.009), and between the RCBA total and the time taken to complete it (r = -0.66, p = 0.000). There was also a moderate positive correlation between the NART scores and the RCBA total (r = 0.45, p = 0.01). These findings indicate that schizophrenia subjects with lower premorbid intelligence are more likely to take longer to complete the RCBA and perform more poorly on it than those with higher premorbid intelligence. Also, schizophrenia subjects who were slower to complete the RCBA performed more poorly on it.
The boxplot of all RCBA results (figure 1) also demonstrates the degree of schizophrenia subjects' reading comprehension deficits in relation to the controls. The midline of each boxplot indicates the mean score on the subtest, and the outer edges indicate its SD. The percentage of schizophrenia subjects who scored lower than the lowest scoring control participant ranged from 6.7% for subtest 3 to 93.3% for subtest 4, with 30% or more of schizophrenia subjects scoring lower than the lowest scoring control on 8 of the 10 subtests. The lowest to highest scoring subtests were 4, 9, 7, 10, 8, 5, 6, 1, 2, 3 for schizophrenia subjects and 10, (9 & 7), 4, 5, 8, (1 & 2 & 3 & 6) for control subjects.
Discussion
Main Findings. This research supports the hypothesis that people with schizophrenia have deficits in reading comprehension compared with well controls who have been matched with them for age and sex and who have similar intelligence scores. Schizophrenia subjects took longer to complete the RCBA and obtained significantly lower scores for the RCBA total and 9 of its 10 subtests: comprehension of single words with visual and auditory confusions, synonyms, single sentences, paragraphs linked with pictures, factual and inferential comprehension of a paragraph, functional reading, and comprehen- sion with a variety of syntactic structures. Lower premorbid intelligence in schizophrenia subjects correlated with lower RCBA total scores and longer test-completion time.
Unlike DiSimoni et al.'s (1977) study, which compared the reading comprehension of people with schizophrenia with that of a population with marked language dysfunction (people with aphasia), this research compares schizophrenic participants' reading comprehension with that of people from the general population. It also supports others' findings that people with schizophrenia retain word-recognition skills (as measured using the NART), even when other aspects of their language function have declined (O'Carroll et al. 1992) , and provides a profile of the reading comprehension of people with schizophrenia.
RCBA Performance and Functional Reading.
It is not possible to say how the RCBA results reflect participants' performance of everyday functional reading tasks or how representative the study's schizophrenia participants' RCBA scores are of the reading comprehension performance of people at different stages or with different levels of chronicity of schizophrenia. Reading comprehension can be influenced by a number of environmental, personal, and illness-related factors.
For example, reading comprehension is influenced by a reader's interest in the reading task (Johnston 1983) , and although the RCBA was not obviously personally relevant to the subjects, they persisted with it for relatively long periods of time (M = 33.10 minutes). This persistence was possibly influenced by a desire to perform well or to please the researcher. So, the results do not necessarily predict how subjects will perform on functional reading tasks (a) when they are less motivated to persist, (b) if the tasks lack personal relevance, (c) if there is no one present to guide or prompt task completion, or (d) if there are more distractions in "real-life" settings than the testing situation.
Furthermore, the RCBA items are simple compared with most functional reading tasks (with average readers expected to score 97% to 100%) (LaPointe and Homer 1979). Most RCBA items comprise short words or sentences, or short pieces of text. For example, item 2 of functional reading (subtest 4) involves only a small part of a recipe:
1. Place frozen mixed vegetables in one-half cup boiling salted water (one-half tsp. salt). 2. Bring rapidly to second boil. 3. Cover and cook gently for 10 to 12 minutes or until tender.
To which, the examiner instructs readers to follow the written instructions: "Point to the part that tells you how long to cook the vegetables." Although most "real life" cooking instructions are likely to be far more complex than this, all schizophrenia subjects failed this or a comparable RCBA "functional reading" task, and 93.3% scored lower than all controls on such tasks. The RCBA was also designed to require little background knowledge and minimal use of schemata, so that a reader's performance reflects reading comprehension skills and not the possession of a specific knowledge base; functional reading tasks are not usually written with such a consideration. Similarly, in functional reading tasks, readers are not offered multiple-choice options as they are in the RCBA-a factor which affords the reader a 33% likelihood of guessing the correct response. Given these factors, it is likely that, although schizophrenia subjects' functional reading scores were considerably lower than the control group's, they may have even greater difficulty with "real-life" functional reading tasks. Further research is necessary to clarify the functional significance of the reading comprehension deficits of people with schizophrenia.
Reading Comprehension and Intelligence. The finding of a positive relationship between premorbid intelligence and reading comprehension in schizophrenia subjects suggests that premorbid intelligence as well as schizophrenia influence reading comprehension. Although the low ceiling effect of the RCBA made it impossible to assess the relationship between the intelligence and the reading comprehension of controls, other research with people without a known psychiatric diagnosis has found a similar correlation between intelligence and reading comprehension (e.g., O'Carroll et al. 1992) . Clinically, these findings suggest that patients known to have lower premorbid intellectual functioning are at risk of having particularly poor reading comprehension.
Reading Comprehension and Neurocognitive Deficits.
The RCBA performance profile of schizophrenia subjects enables speculation on the contribution of underlying neurocognitive deficits to reading comprehension. Deficits in areas such as working memory (Granholm et al. 1997) , attention (Docherty et al. 1996) , changing set (Braff 1993) , and information processing speed (Brebion et al. 1998) could all impact negatively on reading comprehension.
For example, the performance of schizophrenia subjects on subtests involving larger sections of text, and thus a greater dependence on working memory (e.g., subtest 8, factual comprehension of a paragraph), was significantly poorer than that of the control group. Also, anecdotally, the tester observed that schizophrenia subjects appeared to refer back to the text much more than controls did, which could also indicate working memory deficits. Brebion et al's. (1998) finding of a link between impaired working memory and slowed information processing in people with schizophrenia suggests that information processing speed could also influence reading comprehension. The longer a reader takes to read a passage means the greater the demand on working memory.
Limited attention span could have also contributed to the schizophrenia group's reading comprehension deficits. Schizophrenia subjects often appeared to be distracted by the pictures in the subtests that involved pictures and a sentence or paragraph (i.e., subtests 6 and 7). In these, they tended to talk about the picture(s) and required prompting to complete the reading task. This tendency to become distracted did not occur at all with controls. It could have been that, as the reader's attention waned or became distracted from the mental text model, which he or she was creating from the text, the reader lost the logical sequence of ideas and the coherence of the passage, making his or her comprehension decline (Perfetti 1986) .
Difficulties changing set could have also contributed to reading comprehension deficits. At some points, the RCBA requires readers to change set repeatedly in a relatively short time period. For example, subtest 4 (functional reading) requires the readers to, within a few minutes, move from reading a recipe to finding a phone number, to identifying how many tablets to take per day using medication instructions. A number of schizophrenia subjects appeared to have difficulty changing set when the mode of testing changed: for example, from having to point to a picture (subtest 7) to having to point to one of three words at the end of a sentence (subtest 8).
Conversely, schizophrenia subjects could have benefited from a practice effect when the one mode of instruction was used for several subtests. For example, when taking subtest 3, the only subtest that was not significantly different, schizophrenia subjects could have benefited from already having completed subtests 1 and 2, which had the same testing mode as subtest 3. Subtests 1-3 also had the least text (three words per item) and the simplest instructions.
Although these links between the reading comprehension deficits and neurocognitive deficits in people with schizophrenia are just speculative, they are in keeping with Carpenter et al's. (2000) finding that schizophrenia participants' ability to comprehend a consent form correlated highly with cognitive function. Future research is needed to assess the relationship between these areas, and thus better link reading comprehension with the already large body of literature on neurocognition and schizophrenia.
Limitations of the Study. An important issue, which this study did not address but that warrants further attention, is the impact of positive symptoms on reading comprehension. During the testing, the tester observed behaviors that could have been indicative of thought disorder: for example, throughout the test many of the schizophrenia subjects made tangential statements about the RCBA content. Further, we did not assess the reliability of the schizophrenia diagnoses by the schizophrenia participants' consultant psychiatrists. The reliability of such diagnoses should be checked in future research.
Because this study had small participant numbers, and hence low statistical power, the statistically significant differences for RCBA items 1, 2, 4, 5, 6, 7, 8, 9 , and 10, the RCBA total, and the time taken (50% longer for the schizophrenia group) suggest marked clinical differences between the reading comprehension of the schizophrenia and the control groups. It is also possible that, with larger participant numbers, performance on item 3 could also be significantly different.
The RCBA's low ceiling effect could have also influenced the level of differences between the two groups on the RCBA items and limited our ability to interpret the reading comprehension item profiles identified by the measure. More demanding test items could have resulted in greater differences between the two groups and could have been more informative about the reading comprehension deficit item profile of people with schizophrenia.
Another possible limitation of the study is the preponderance of male subjects (i.e., 52 males : 8 females). Because females usually perform better than males on reading tasks (Estey et al. 1993) , the results of this study might not apply, or might not apply as strongly, to females with schizophrenia. Future research should include larger numbers of females to help clarify whether females with schizophrenia also have deficits in reading comprehension.
Implications of Reading Comprehension Deficits for
Health Professionals. The results of this study indicate that, although people with schizophrenia appear to be able to read normally, they have marked deficits in reading comprehension that are likely to impact on their ability to comprehend written material such as consent and information forms. Consequently, health professionals and others who want to convey information to this population need to consider using alternative or augmentative methods for doing this. For example, they could consider supplementing written information with oral explanations, actively discussing the content, and questioning readers to check their understanding.
Furthermore, this study indicates the need for future research into how deficits in reading comprehension translate into functional reading comprehension skills for people with schizophrenia in day-to-day settings. A better understanding of functional reading comprehension deficits will also help in the development and evaluation of appropriate methods for addressing the reading comprehension deficits of this population.
